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occupational exposures, some of which may affect several aspects of reproductive health, including fertility.
Deployments to wars and associated military-unique exposures have caused great concern and resource-intensive research to assess the later appearance of birth defects in children. [10] [11] [12] [13] [14] [15] [16] [17] [18] To a lesser degree, research has also examined the impact of military-unique exposures on fertility. Limited epidemiologic studies exploring fertility outcomes for veterans of the first Gulf War had mixed results; conclusions were limited because specific exposures among deployers were not defined. [18] [19] [20] [21] [22] Other studies focused on certain military occupations have not consistently demonstrated associations between duty assignments and subfertility. [23] [24] [25] Exposures differ by service branch, military occupation and duty location, making studies of fertility challenging in these populations.
Immunizations represent one set of exposures that may cause especially heightened concern, including concerns about fertility, among young adults. 22, 26 Some military men have opted to cryopreserve semen because of their concerns about deployment-related exposures, including vaccines. 27 There are few studies that explore the effects of infectious disease vaccinations on subsequent fertility. One analysis showed no relationship between prior anthrax vaccination and semen parameters in a population of men who were seeking fertility treatment with their partners. 28 Another study demonstrated that bacille Calmette-Guérin vaccine reduced semen parameters when given in conjunction with chemotherapy in certain cancer patients. 29 Studies of other immunization effects on fertility and reproductive health have been very limited.
In early 2003, the United States instituted a National Smallpox Vaccination Program for early responders and military service members. 30 Wyeth Laboratories produced the approved vaccine, Dryvax ® , using a formulation first used in 1931. 31 Prior to the establishment of the smallpox vaccination program, the vaccine had been used worldwide for over half a century when smallpox was still a naturally circulating disease. Because of this, detailed documentation exists of the vaccine's short-term adverse health effects, [31] [32] [33] but there are limited data on its impact on reproductive health. Historical data suggest that infants born to women who are inadvertently vaccinated while pregnant do not have increased risk for most adverse outcomes, and a modern registry exists to monitor outcomes among women vaccinated while pregnant. 34 Fertility, or the ability to conceive and have conception result in live birth, is an important component of reproductive health. In the United States, 3.4 million married men self-report that they or their partner have received fertility services. 1 Male and female factors, alone or in unison, can contribute to infertility, although for over 20% of cases, the cause is unknown. 2 Parental environmental exposures can negatively impact fertility, with some research suggesting effects on ovarian function, semen quality and increased risk of early fetal loss. [3] [4] [5] Parental occupation is an important source of exposure to potentially harmful agents, and effects on fertility have been demonstrated in a wide range of occupations, including agricultural workers, lead workers and female workers in the semiconductor industry. [6] [7] [8] [9] Military service members encounter a host of unique Absent from both the recent and historic data is an examination of the impact smallpox vaccine has on fertility, which is important in light of the large population of reproductive-age people who receive the vaccine currently. The purpose of this study was to examine the relationship between smallpox vaccination and infertility among active-duty male and female US military service members.
Results
Of the more than 1.1 million men and women who served on continuous active duty during 2005, 395,617 were married at some point during that year, were less than 35 years of age, and served on active duty for at least 1 month in both 2003 and 2004. After excluding individuals who received any infertility diagnoses before January 1, 2005 (n = 8,451), had a live birth during the year prior to their infertility diagnosis (n = 39), had a live birth during the 9-month period immediately following their infertility diagnosis (n = 48), had a deployment of any length during 2005 (n = 85,761), and who had missing demographic data (n = 3,013), a total of 298,305 individuals remained for analysis. Forty percent of the 253,973 men in this population received the smallpox vaccine, and 28% of the 44,332 women received the smallpox vaccine.
The demographic and military-specific characteristics of the 253,973 men and 44,332 women in this analysis, by smallpox vaccination status, are displayed in Table 1 . The proportion of men who received an infertility diagnosis was identical among the exposed and unexposed groups. Compared with unvaccinated males, a higher proportion of men exposed to the smallpox vaccine were younger, black, Hispanic, Army personnel, enlisted and combat or health care specialists ( Table 1) .
The proportion of women who received an infertility diagnosis was slightly higher among the exposed group, but this difference was not statistically significant (p = 0.103). Compared with unvaccinated women, a greater proportion of smallpox-vaccinated women were in the 25 to 29 age group, were black, Hispanic, Army, enlisted and combat specialists or in other occupations (Table 1) .
Multivariable logistic regression was carried out among the male and female populations, and the results are shown in Table 2 . There was no association found between receipt of an infertility diagnosis and smallpox vaccination status among men or women. However, both men and women aged 25 to 34 years were significantly more likely to receive an infertility diagnosis than were those aged 19 to 24. In addition, black non-Hispanic women were 1.30 times more likely than white non-Hispanic women to receive an infertility diagnosis [95% confidence interval (CI), 1.10-1.53]. Marine Corps men and women and Air Force women were significantly less likely to receive an infertility diagnosis than those from the other services. Finally, female health care workers were 1.23 times more likely to receive an infertility diagnosis compared with women working in all other occupations (95% CI, 1.04-1.45).
Discussion
Using military inpatient and outpatient health care utilization and vaccination data, we compared infertility diagnoses among men and women who received the smallpox vaccine with those who did not. No association was found between receipt of an infertility diagnosis and prior smallpox vaccination.
More than 1.2 million US military members have received the smallpox vaccine since December 2002 to protect against the use of smallpox as a biological weapon. 38 While adverse events associated with smallpox vaccine are well-monitored, 39, 40 and the US military smallpox vaccination program has experienced low rates of adverse events, 41, 42 the effect of smallpox vaccine on long-term health outcomes such as fertility remains more challenging to explore.
To date, research examining the effects of any vaccinations on male and female fertility is sparse. A 2005 study looked at the effect of anthrax vaccine on some fertility parameters among male military personnel and found no clear association between the vaccine and semen parameters. 28 While this study supports the finding that vaccination does not affect fertility, caution must be exercised when comparing anthrax vaccine with smallpox vaccine. Reported here is the first epidemiologic analysis of actual infertility diagnoses postsmallpox vaccine of which the authors are aware.
Other factors previously associated with infertility are supported by these analyses. Advanced maternal age reduces reproductive potential. [43] [44] [45] [46] It has also been reported that higher maternal or paternal age is associated with birth defects, 47,48 miscarriages 21,49 and other pregnancy complications. 43, 50, 51 This investigation supports such previous work, since both men and women aged 25 years or more had significantly increased odds of receiving an infertility diagnosis. Female health care workers were also slightly more likely than those in other occupations to receive an infertility diagnosis. While one prior study reported that pregnant doctors were no more likely to receive differential obstetric treatment compared with women in other occupations, 52 the association observed in this study may have been due to increased knowledge or awareness regarding infertility among this subpopulation.
There are limitations to these analyses that should be noted. Infertility is only one of many possible manifestations of reproductive hazards, and its assessment is complex. Using electronic health care data to identify infertility is problematic and may be incomplete. Those who seek care to overcome infertility may not reflect the entire spectrum of those affected. In addition, we were unable to control for other environmental exposures that subjects may have experienced in association with receiving the smallpox vaccine. Although the large sample size of both men and women allowed for robust estimates, the total potential population was reduced by temporal restrictions and the exclusion of those who deployed in the follow-up period, in order to allow equal access to care and diagnoses in the exposed and unexposed groups. Additionally, those deployed during the follow-up period may have been healthier than those who did not deploy, and were not likely to be trying to conceive during deployment. Finally, the population was also restricted to married individuals, because without data on attempts to conceive, it is reasonable to assume that those who are married would be more likely to be trying to conceive than those who are not.
Despite limitations, these analyses offer the first large, epidemiologic investigation of infertility after smallpox vaccine. The large sample of both men and women, along with many variables to adjust for confounding, allow for a robust investigation of infertility diagnoses associated with the smallpox vaccine. The use of an objective measure of infertility, as opposed to survey-based assessments of infertility, allows for an estimate of the effect of smallpox vaccine on infertility without being influenced by recall or reporting bias.
In summary, this study found no association between infertility diagnoses after receiving smallpox vaccination. These results may be reassuring to vaccine recipients and public health professionals. Future studies should continue to explore the full spectrum of reproductive health challenges after exposures of concern. , after the defined exposure window, were considered not exposed. Infertility, the outcome for this study, was then assessed at least one year after the date of vaccination. Men and women who received an infertility diagnosis any time during 2005 were considered cases, and must have been vaccinated at least one year prior to receipt of the infertility diagnosis. Infertility was assessed using the ICD-9-CM codes 606.x for men and 628.x for women. Primary infertility was defined as receipt of an infertility diagnosis without any previous live births on record. Secondary infertility was defined as receipt of an infertility diagnosis with at least one live birth on record greater than 1 year prior to the infertility diagnosis date. Individuals were excluded from the study if they received any infertility diagnoses before January 1, 2005, had a live birth during the year prior to their infertility diagnosis, had a live birth during the 9-month period immediately following their infertility diagnosis, had a deployment of any length during 2005 (since deployment would limit accessibility to the health care system for infertility diagnoses), or had missing demographic data. Statistical analyses. Pearson chi-square tests were used to examine the unadjusted measures of association between infertility and smallpox vaccination status, demographic and military-specific characteristics. Collinearity among the independent variables was assessed using regression diagnostics, and variables were tested as possible confounders. Logistic regression was used to compare the odds of receipt of an infertility diagnosis among the group exposed to smallpox vaccine with the odds of receipt of an infertility diagnosis among the unexposed group, while simultaneously adjusting for all other variables in the model. Parallel analyses were conducted for the male and female population. All analyses were carried out using SAS software (version 9.1.3, SAS Institute, Inc., Cary, NC). 
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